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~Iobals.pas

rlobals. pas

;lobal constants:

,ero = 0
.". = 1
la~f = .5

;lobal variables:

4lbllt"
;:R

::R
SA
ooordiJlat. fi~e

!1%'iclfi~.

..,fu
"..tfi~

~

IIl4X drop ~eiIgth
"'e.r ~_
coat _.r dl:CiI> kf
feed ~.r c4lb~. c-.city
dbt ~.r cllJ>~.-c_cil:v
Did coat
duct coat _r kf
takerat.
~inea pe.r baa
~a pe.r Jaoaae
.... CClfJI!! eliae
HozC_~t:y

ctIJ:III:Jer oaac::M 20fttr

........rt1~
t1 f1be.r .......r
c_r~ ....
t1~ ....
f1ber ~. c~city

tA2016
tlI612
tlI96
42016
b2016
a612
b612

, a96
b96
424
b24
8096
be96
ac24
be24

edIltiF1iiiert· VaWi~ Is set;'
rocess (feeddist.pas)
rocess (feeddist.pas)
rocess (feeddist.pas)
rocess (feeddist.pas)

rorocess (feeddist.pas)
process (feeddist.pas)

feeddist.pas - main proqram
lQet user parameters (global.pas)
I Qet user parameters (global.pas)
I aet user parameters (global.pas)
I aet user parameters (global.pas)
r aet user parameters (global.pas)
I aet user parameters (global.pas)

et user parameters (global.pas)
't4""~ (global. pas)
et user parameters (global.pas)
,eftetat.)dae. (global. pas)
et user parameters (global.pas)
et user parameters (global.pas)
9~user-par~meters (global.pas)
get, user parameters (global.pas)

lQet user parameters (global.pas)
I aet user parameters (global.pas)
ge~u~er-parame~ers (global.pas)

I aet user parameters (global.pas)
I aet user parameters (global.pas)
I get user parameters (global.pas)
I get user parameters (global. pas)
I get user parameters (global.pas)

et user parameters(global.pas)
et user parameters (global.pas)
et user parameters (global.pas)
et user parameters (global.pas)
et user parameters (global.pas)

I aet user parameters (global.pas)
I aet user parameters (global. pas)
I get user parameters (global.pas)
I get user parameters (global. pas)
I get user parameters (global.pas)
I get user parameters (global. pas)
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-"vedlW:a."'ill'_, ;;,;,'" ,));:;i,\tt0i l';ti jiiftlW;)'
SA ar.r." orocess (feeddist.oas)
i
~.OD.a cret userlOarameters (alobal.pas)
m-c4lb~.Si••a cret user oarameters (alobal.pas)
-"eedCab~Si.ea cret user oarameters (alobal.paS)
-"1be1Qb.1eSis.a aet user parameters (Global.pas)
~S'e~i.ea 'aet user Darameters (Qlobal.pas)
-..Jao~.Si••a Qet user parameters (nlobal.oas)
_r('BoZSi••• net user narameters (nlobal. as)
~a aet user oarameters (alobal. as)
COpDi.t:COat: C1 aet user narameters (alobal. as)
llroDS'eDlCo.t [1 get user narameters (alobal. as)
COPI'eedCo.t [1 et user narameters (alobal. as)
F1berFeecICoa t [1 et user oarameters (alobal. as)
IntfCCO.t[1 et user arameters (global. as)
Noz:aaUt.rac [1 et user arameters ( lobal. as)
saftRockSf:ruc [1 et user arameters ( lobal. as)
BardRockSt.rac [1 get user ararneters ( lobal. pas)
_o~ecoat[1 ~et user oarameters ( lobal.Das)
_o~.Bpac[1 Det user oarameters ( lObal~pas)

Diatp~ant:Nis [1 Det userlOarameters ( lobal. pas)
I C01>FINdP~t:Nis [1 'Get useroarameters 0'lobal.pas)
FibJ'eedP~t:Nis[1 get user-parameters 0Qlobal.pas)
Fi~act[1 get user-oarameters lQlobal.pas)
sarf!'eJrt [1 aet user parameters (alobal.pas)
SbariDg[1 aet user parameters (alobal.pas)
t1 r factor aet user parameters (nlobal.oas)
pet cla1 oet user narameters (alobal.oas)
pet ~.a aet user oarameters (alobal.oas)
Bpc.1Aoc••aJlatio oet atllte4llt_ (alobal.oas)
Spc1Jlcce_Line. _.r bua get user narameters (alobal.oas)
.utip~ier 24 aet user oarameters (alobal.oas)
coppa.r p~ae-At deptll aet user lOarameters (alobal ~pas)
f1be.r puc_nt depth -aet userlOarameters (alobal.pas)
C.ri ticulfa te.rDeptll get useriDarameters (Olobal.pas)
"atarTactor ~a'et user iDarameters (alobal.pas)
HinS~.,...S"ri_r ; aet user parameters (Olobal.pas)
HinS~actor r aet user-Darameters (alobal.pas)
_~S"ri_.r get user Darameters (alobal.pas)
_.loD&racto.r I oet user parameters (alobal.cas)
e-bS~8Otor I aet user parameters (alobal.pas)
Soi~_acto.r I aet user parameters (alobal.cas)
DiatRoadJ'actor aet user parameters (alobal.Das)
T.....zRoadJ'acto.r net user oarameters (nlobal.oas)
F1be.rTi~act:o.r aet user oarameters (alobal.Das)
Di.tanc.!'ppe aet user oarameters (alobal.oas)
ma sa. nrocess (feeddist.oas)
~ter calculate microarid cost (distrib.pas)
tot tteZIU iDrocess (feeddist-:Das)
tot fteZIU -orocess (feeddist:Das)
tot .rea~a orocess (feeddist.oas)
tot baa.l.Uut. orocess (feeddist :-p~as)
tot droDf_t nrocess (feeddist.nas)
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.Iobals.pas globals.pas

function ain

function max

pan two variables, rellirn the laYRer ofthe two

!''poss two variables. return the smalle, ofthe two

get cost data (global.pas)
process (feeddist.pas)
get 'cost data (global.pas)

get cost data (global.pas)

get state data (global.pas)
get cost data (global.pas)

feeddist.pas - main program
get state data (global.pas)

feeddist.pas - main program

feeddist.oas - main proaram

feeddist.oas - main proaram
feeddist.oas - main proaram

feeddist.pas - main prOQram

i get cost data (global.pas)

I Qet user parameters (global. pas)
loet user oarameters (global.pas)

I get user.parameters (global.pas)

I get user parameters (global.pas)

I process (feeddist.pas)

I get user parameters (global.pas)

I get_user. parameters (global.pas)

',. l' ..:··;>;}~.L""~~I~j)tsi"

passed variables:
x
y

"Vatlabie Hallie,

if x <- y then
min :Ill x

else
min - y

end if

coat

Verb<NreOat

ae aaDl.Iou

if x >= y then
max = x

else
max = y

end if

passed variables:
x
y

tot afta

ae fib t:eDl

ac aer .tz1Jc

ae fdi

ae t1 te-

ClldPar_

etaM

C~o.eJl't.ado1r

ee bur .t:zuc

17....rJaDi.t

.",.
ftl~e.itjo

aaz·~. I get user parameters (global. pas) I

...., Varia!> .,::Kame, ,::":' l?toe.dute.lIMte,Va.1"e' Ill)Set
:Dt cfj..t:t"eet process (feeddist.pas)
;ot:t"~t process (feeddist.pas)
;ot :t",..dcOet process (feeddist. pas)
;ot cfj..teo.t process (feeddist .pas)
~ot ..kOPCO.~ process (feeddist.pas)
~ot :t"t;Coet process (feeddist. as)
~ot tt;COet process (feeddist. as)
tot :t"dicost process (feeddist. as)
tot~t process (feeddist. as)
tot dt;COst process (feeddist. as)
tot s~s process (feeddist.pas)
tot Ri>elAceLJ.J1es process (feeddist.pas)
tot bCGseJlo~ds process (feeddist.pas)
:lines .erved process (feeddist.pas)
g:%:id .unas served process (feeddist.pas)
ToU~ i ....._t process (feeddist.pas)
"Tots1 1iDeS process (feeddist.pas)
livera9'! investment process (feeddist.pas) \
t"""avq dtOP1ength process (feeddist.pas)
avq <ti' tlengt:h process (feeddist .pas)
"vq t ..dlangt:h process (feeddist.pas)

;
do batel> feeddist. pas - main orooram
i%lP'!t exists process (feeddist.pas)

b"tcb!ila feeddist. pas - main orogram
teed ~ eab~a process (feeddist.pas)

feed bUr e~e process (feeddist .pas)
- fe#,d ..r eabU process (feeddist.pas)
. feed ~ fiber

-~--

process (feeddist.pas)
ii_ad bar :t"iber process (feeddist. pas)

feed ..r fiber rocess (feeddist.pas)
feed ~ et:zucture rocess (feeddist.pas)
feed bUr st:zucture rocess (feeddist.pas)
feed ..r st:zucture rocess (feeddist. pas)
~~eco.t rocess (feeddist.oas)
~HQiU rocess (feeddist.oas)
ca~C\lDi.t:ri~~ process (feeddist.oas)

tOt DLC lines process (feeddist .pas)
di.t 1IQCI eab~e process (feeddist.pas)
di.t bar eab~. process (feeddist.pas)
di.t .er eab~a process (feeddist.pas)
dist~ st:zucture process (feeddist. pas)
diet bar • t:zucture process (feeddist.pas)
diet ..r .t:zucture process (feeddist.pas)
Diet:l/ldbO~eco.t orocess (feeddist .pas)
ae u~ e_ oet user oarameters (olobal.pas)
"e bur e_ Qet user oarameters ( lobal. as)
Be .or coP oet user oarameters ( lobal. as)
.e "ad fib Qet user parameters ( lobal. as)
.e bur fib get user parameters ( lobal. as)
"e aer fib get user parameters ( lobal. as)
.e u~ et:zuc get user parameters (global. as)
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tbals.pas

'etion "qr

passed variables
x

//pass a number, relum lhe square oflhe number

sqr = x * )C

netion fill_faetor_fn

passed variables:
density
feeder_indicator

local variables:
i
temp

'/Loop from 1 10 lhe ""lue ill NumDensZones usillg i. For each vallie ofi. index Ihe FillFacl array 10 gellhe vollies fur densIty.
FeedFilIFaclor, and DiS/FiI/Faclor, os appropriale.

for i ~ 1 to ~lISo..e.
if density >~ Fil.U'actli] .dlIDlIity then

if feeder_indicator ~ 1 then
temp = Fil.U'actli] .FeedFil1J'.ctor

else
temp - Fil1J'act(iJ . DiatJ'il1J'actor

end if
end if

next

globals.pas

t1 fiber x~r
ce:pp.r i1 .....
t1 U"; -
t 1 :eedIii ""Y factor
f .... copper cabl. capacity
dillt-coppercabl.-capacJ.ty
fiber cabl.-capacity
copperJ>llI........t_dltpth
fiberJ>llIc_t_dltpth
criticallra ted:Wpth
W.-terhctor
JtinSlope!l'J:i99'tr
JtinSlopeFactor
~lope!l'J:i99'tr

~1ope"'ctor

C.-bSlope'actor
Soil:r.xJ"actor
tb2016
th672
th96
pet cla1
pet-lll.-
sPClAccellllJlll tio
lin."J"'r_bua
sPC1.\cc.lIlII.in.lIJ"'r_bu.
Di"tJlD.-dJ'actor
J'iberFil1J'actor
DilltaDC<t2)'pt
' .....rRo.dF.ctor
....,;liU.

~_p~ oo.~ au
local varlabl;; ~
infile
i

fill factor_fn temp
read the following variables from the file FDCOST.TXT (cost data):

?rocedure qat_u"erJ"'%_ter"

local variables:
infile

read the following variables from the file FEEDDIST.PRM (user parameters) :

JIllIX_drop_l...gth
ua.r_~

taker.-te
.1:UIesJ"'r_ bous.
~r gauge ....-r
.utiplier i4
.... copper-distanc.
MaxCopperP....lty
coppe%_tl_...",.r

II

cOlltJ"'r_drop_kf
Did COst
duct_colltJ"'r_kf
.-2016
b2016
.-672
b672
.-96
b96
&24
b24
ac96
be96
ac24
be24
~2i~

read the following variables from the file ANNCHG.TXT (annual charge data):
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,als,pas

ac ugd cap
ac:bur:cap
ac aer cop
ac-ugd-tib
a~bur-tib
ac-.er-tib
ac-ugrJ.-tltruc
ac:bur:tltruc
ac ••r _true
ac-.maDho~.
ac-tl tera
ac-fib tera
ac-fdi-
a¢-jjilljlWi

:==t.iilt.i:LRl'a -

read the values for the array CopDistCost from the file 26g.txt: )

globals.pas

·W - The file 16g.txt Is used to populale both the CopDbtCosl array, ancllhe CopFeedCosl array. IfIh_ arrays are
meanl to be IdenliC8l, then only one of the arrays should be used. If lhey are separate beaUIe of the possibility Ihat Ihey
mlghl ~ontaln different data, then separate txt files should be used 10 populale lhem. The way it is now, they will always be
identicaL

read values for the array FiberFeedCost from the file fibrcabl.txt:

NuaFibercableSi",ea - 0

for each line in the file
NuaFiberCllbleSi.ea - NtmriberCllbl.Si.ea + 1
read in

FiberJ'.edCC>tlt CNtmribercabl.Si••a] . ai"'e
FiberJ"eedCc>tlt CNtmriberCabl.Si.ea] . Cc>atUgd
Fiberr.ed::'c>atC_iberCabl.Si",e.J •Cc>.t.Bur
FiberF.edCoat CNulIIFiberCableSi••tI] •Coa~r

read values for the array IntfcCost from the file fdi.txt:

NuzJrCllbleSi,..a NumlrCllozSi",.a o

for each line in the file
NuIIlCllbleSi,..a ~ ~l.Si",.a + 1
read in

C~iatCc>tltCRUDC&bl.Si",ea].CllbleSi",.

C~iatCDatC~l.Si.e.]. CoatUgd
CopDi.tCD.tC~l.Si.e.].Coat.Bur

CopDi.tCoatCNUDCabl.Si",••].Coa~r

read the values for the array DropTermCost from the file drop.txt:

NUIIlDropTez:m1nalSi",.a = 0

for each line in the file
~Te~nalSi",.a~ NusDropTersinalSiz.a + 1
read in

DropTe...coatCRUmDrcpT.rsinalSiz••].ai,..
DropTe...coat CNu8DropTeraJ..nalSizea] . Coat.Bur
DropTe...coat (Nu8DropTez:atnalSirea] .Coa~r
Dre>pTe...coatCNu8DropTeraJ..nalSbea].CoatUgd

read the values for the array CopFeedCost from the file 26g.txt:

NUmF.~l.Si",etl= 0

for each line in the file
RUmFeedCableSiz.a ~ lfDmFeedCableSi",etl + 1
read in

CopFeedCbatCBUaFeedCabl.Si",.a].ai"'.
Ce>pJ'eedCotltCBUaFeedCableSi••a].CoatUgd
Ce>pJ'eedCoatC_eedOIbleSi••a] •CDat.Bur
Ce>pJ'eedCoatCBUaFeedOIbleSi••a].CoatAer

13

for each line in the file
NI1JaXC:SOXSi",•• = _C:SOXSi",.a + 1
read in

Intfeco.t Czr-JeC:SOXSi",.a] •NuilJr.J..n.a
InttcCoatC_C:SOXSi,..a].Coat

read val~es fer the array NormalStruc from the file normal.txt:

HUmDQns%oues = 0

for each line in the file
~Zon.a ~ _a:eon.a + 1
read in

NorlltllStruc (BumDenaZ()rJea] •DaDai ty
NoJ:lU1Struc CBumDenaZ()rJ.a] . Feedl1gd
NoJ:IU1St%UCC~Z()rJ.a]•DiatUgd
NoraalSt%UCC~J:OIl••] •FeedIIur
NoraalSt%UCC~J:OIl••].DiatBar
Nc>raalSt%UC(~J:.....a] •FeedAer
Nc>.....lStruc CBumDenaZOIl••] •DitltAer

read in the values for the array SoftRockStruc from the file softrock.txt:

for i = 1 to NUmDBDaZon••
read in

Soft:1lockStruc [ i J •De...i ty
Soft:1lockStruc [ i 1 •,.edl1gd
Soft:1lockStrucliJ.Diatl7gl:f
So~t:1lockStrucI i 1•,.edBtar
So~t:1lockStruclil .DJatBnr
So~t:1lockStruelil.F.edAer

14



obals.pas

Softl!<>CkStrue [i I .DiatAer

·W - see belo..

read in the values for the array HardRockstruc from the file hardrock.txt:

for i = 1 to HUaDenaZoDas
read in

llardIlockStrue [ i) . Densi ty
HardRockStrac ( i J •:r.edI:7¢
BU'dRDckStrue [i] •Dist17¢
BU'dRDckStrue[ i] .:reed'Bur
BU'dRDckStzuc (i 1•Diet:Bw:
BU'dRDckStzuc [i] . :ra__r
BU'dRDckStrac [i] . DisU.r

·W - see belo..

read in the values for the array ManholeCost from the file rnhcost.txt:

HUmH&DboleSi... = 0

for each line in the file
~l.Si••s = ~l.Si••s + 1
read in
JfADholecoatC~ol.Si•••].DuctC."
JfADholecostca "nho1eSi••a].NoZlUlCost
JfADholecoat/lftUlflmllol.Si•••].SoftCost
JfADho1eco.tC~olaSi••s].BardCo.t

read in the values for the array Manholespac from the file mhspace.txt:

for i - 1 to 1ftuaDenrZo~.

read in
JfADhol.s.Pac[i].D8nsity
JfADho1es.Pac[iJ.JfADholaspacing

·W-seebelo..

read in the values for the array DistPlantMix from the file distrmix.txt:

for i - 1 to ~ZoDe.
read in
Di.t:P~tHbr[iJ. .o-.ity
Diet:PUAtHbr[i].09dPct
Di.t:P~tHbr[iJ.BazPct

Di.t:P~tHbr[i].AerPct

·W-seebelow

read in the values for the array CopFeedPlantMix from the file fd<mix.txt:

15
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for i = 1 to ~zonee
read in

eopr....UAtIaJr(i] ._ity
CopJ'HdPUAtIaJr[ i J .l7gdPct
CopJ'HdPUAtIaJr(i] .BurJ'Ct
CopJ'HdPUAtIaJr[i] .AerPct

·W-seebelo..

read in the values for the array FibFeedPlantMix from the file fdrmix.txt:

for i = 1 to ~sZODas
read in

:r1.bF....UAtHix( J .Deneity
:rihl'HdP~tIaJr[ ] .l1gdPct
'1.bF....UAtIaJr( ).BuJ:Pct
:r1.bF.edUatltHix[ J .AerPct

·W - The liIe fdrmix.ut is used to populate both the CopFeedPlantMbt array, and the FlbFeedPlantMix array. If these
array. ne mernt to be ldentleal, then only one of the arrays should be used. If they are separate beeause of the possibility
that they might contain different data, then separate txt files should be used to populate them. The ..ay it is now, they ..ill
always be identical.

·W-seebelo..

~ead in the values for the array FillFact from the file fillfact.txt:

tor i = 1 to NUmD8D.Zon••
read in

FillJ'act[ij._ity
'illJ'act[iJ .'eedJ'illJ'actor
FillJ'act[il.Di.tFillJ'ector

·W - see below

read in the values for the array Sharing from the file sharing.txt:

for i = 1 to NUmDeaasoue8
read in

Sharing[ i J •Denai ty
Shering[i] .bar .lIar.
Sharing! i J . ugd-.lIara
Shering[iJ .a.r:allar.

'W-seebelow

<eao in the vaules fo< the array SurfText from the file soiltx.txt:

/fuIIlr~e - 0

for each line in the file
_:rez1')pe. -~. + 1

16



Ibals.pas

read in
~tCNua~al.!'e%tur.

~tCNuaTezTnHlal. iJIlpact

·W - the files soflrock.tlt, hardrock.txt, mhspace.tlt. distrmiLtxt, fdrmix.tlt, fillfacUlt Ind sharing.txt are an ..sumed to
hove the same number ofdensity elements IS the file normattlL This requirement is never enforced.

OC~~~~c1il~
i
intftll

reili "ttri";Sllciwinq variables' £rom'tbe file states;t.xt., based on theo°<lurrent state:

:ocedure DisposeTables

This procedure frees up memory used by the table arrays. This is a memory management
procedure only.

feeddist.pas

program feeddist

procedure process
passed variables:
area name

local variables:
i
densit;y

make sure the file {areaname).COO exists and has data
open the file coord1nat._fi~ewith the filename: {areaname).COO

make sure the file lareaname).BIN exists and has data
open the file gridti~e with the filename: lareaname}.BIN

make sure the file lareaname}.DEN exists and has data
open the file nENfi~. with the filename: {areaname}.DEN

if both files exist and have data then continue

read the values in coordinate_file into CR

call qet_userJ>llrameters
call ~to_etdata

call p~:stat:e_data

(global.pas)
(global.pas)
(global.pas)

F'irst, calctJ.late distribution cost, including SAl cost.
store all SA information in an orray.

lines .erved = zero
Dum_sAa = 0

for each record in the file gridfi~.

num_SAs - num_SAa + 1

read a record from the file gridfi~e into GR

call optimi•• SAl arranq_nt
pass varTabl';s:
SwitchX = GR.SwitchX
SwitchY = GR.Switchr
GR = GR
·SA = SA
*grid_lines_served = gr1d_liD••_ ••~

·W • These are III global vorllbles being passed to Ind from the procedllre.

We will

(distrib.pas)

17

insert the value returned in SA into the array SA array
SA_arraY[IlJIm_SAsl - SA -
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:ldist.pas feeddist.pas

tor i - 1 to ~_SAa

zaro
:& zero

zero
zero
zero
zero
z.ro
z.ro
zaro

== zero
== zero
- zero

tot_raa~inea ~ SA_arrayCiI.ReaLinea

'!'ota~_~in.a + SA_arraYC.tl.liAaa

tot tterma + SA arrayCil.ne96 + SA arraYCiI.ne24
~ sA_arraYCiI."';;;" ~ SA_arrayCiI . .mc24

tot ft.__ ~ SA arrayCiI.n2016 ~ SA arrayC:iI.n672
+ SA_arrayCiI.n96 ~ SA_arrayCiI.n24

tot_r••lin••

tot_ftarIU

tot_tt.rma

7'ota~_~in.s

elist • cab~e

eliat-bar-cable
cUat-ae';-cable
cUat-u¢at%ucture
eliat-bDr-structure 
elia"..r'atructure 
Dist:Ha..hOlACoat
Ca.1cCtll".-dJ'iU
ea.lcC'QDiatJ'i~~

tot DLe ~iJHoa

tot:..i;
tot_szwa

\
)

(feeder .pas)

next record

~inas_sarved = ~inas_aarred ~ grid_~i...a_aer'91Jd

Read troll'~'1nto vaii:.ib16:dellliitY

call optimize feeder arrangement
pass variables: -
SwitchX = GR.SwitchK
SwitchY = GR.Switchr
deMltyl!TI 'Wn'0'&1::;lf<~ltt
num SA's = D~ SAIl
*SJ\-array = SA array
*feeder cost - tot feedcoat
"f·8d';~!i~:"~l~:;!"'i~liildriiijiQ:ijiT~~
*ugd cable - = feed aid cab~':-
*bur-cable = f.edba%cab~e
*aer-cable - f..d..r-cab~.
*ugd-fiber - faedlugdlf1bar
*bur-fiber - f.ed~f1bar
'aer-fiber = fe.daer-f1bar
'ugd-structrue = fe.dugdiatructure
*bur-structure = fe.d~atructure
*aer-structrue = ~e.d••r-.truc~
*ManholeCost = F~~eCoat

tot_bu"~in.a tot_bua~in.a ~ SA_arr~CiI.BuaL:inea

tdt.o.:8.~t.:·. t:01:~ftNid2,,ltt+ .t'iMd..:,:a,p.1iCNt_coat tot_saia tot_aaia + SA_arrarCil.number_of_SAIa

{ Now collect results and print out. j

tot_are. tot_ar.a ; SA_arraYCil.~inaa / SA_arrayCil.cI8naity

tot_ dropf••t tot_dr09faat + SA_arrayC.tl.grid_dr09_feet

·W - Th_ are all global variables being paued to and from the procedure. tot_diatf••t tot_distfe.t + SA_arrarCil.grid_~ina_f..t

tot tte__
tot-fte__

1'ot&~ innatalent
'!'ota~-~a

tot ftaliAea
tot-znz.liAea
tot-dJ:opfeet
tot-diatteet
tot-feedfeet
tot-disteoat
tot-dz:opcoat
tot:ftcoat
tot tteoat
tot-fdieoat
tot-nideoat
tot-dteoat
tot-BpclAcc£.tnea
tot:lIou6ebolet.r

a
a
zero
ze=

- zero
- zero
"" zero
= zero
~ Z8ro

~ zero
== zero
== zero

zaro
z.ro
zero

... zero
= "• .&"0

ze=

tot_f.edfeet = tot_faadfeet + SA_errarCiI.DiatToSwitch * SA_arrayCil.liAaa

tot_cUstcoat ~ tot_diatcost + sA_erraYCiI.grid_diatrJ.bution_eoat

tot_dropcoat = tot_dropcoat + SA_erraYCil.drOJ>_coat

tot_fteoat = tot_ftcoat + SA_arraYCil. f1bar_te>:aina~_coat

tot ttcoat - tot tteoat + SA arrayCil. t1 te-.tnal coat
- + sA_arrayl:iI .•econdary_ttex._coat -

tot_fcUcoat ~ tot_fdicoat + SA_arrayCil. inter~ace_eoat

tot_nideoat ~ tot_nideoat + SA_arrayCiJ.nid_coat

tot_dteoat = tot_dteost + SA_arraYCiI.~_te~l_eoat

tot_ho....ho~da ~ tot_houaeho~ + SA_arrarCi] .houaeho~

tot_Bpc.1AceLinea = tot_Bpc.1AccLinea + SA_errayCi]. S,pc.1Accea.L.f.nes
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:eddist.pas feeddist.pas

dillt_bur_cable

dille_a ..r_cable

+ SA_array[i.].SpclACC"III1DSI * 12.0

dillt_bur_cabl.. + SA_array[i].bur_cable

dillt_a..r_cabl.. + SA_array[i].aer_cable

if areana.. - 'batch' then
do baecb - true
open the file baeebLile with the filename 'batch.lst'
call proce•• for each ar..aoame in batebLile

else
call process with areaaame

end if

(teeddist .pas)

(teeddist .pas)

dillt ugd cable = dillt ugd cabl.. + SA a=ay[i].ugd cabl..
dillt:ugd:structurt> - dist:Ugd_strucbtte + SA_arrs;'{1].ugd_structurt> ·W - Passing a global varable to the routine

dillt.-bur_lItructurt>

di8t_a.r_.true~ure

dist_bur_.. tructure + SA_array[i].bur_lItructure

di.. t_aer_structure + SA_array{i].aer_structure

DilltHanhol8Cost = DilltHanhol8Collt + SA_array{i].Hanbol8COllt

CalcCUDi.. tFill = CalcCUDistF1ll + SA array{i].line..
* fill_factor_fn(SA_array{i].daD..ity,0) (global.pas)

if (SA array{i].n2016 + SA array{i].n672 + SA array{i].n96 + SA array{1].n24) =
the; CalcCUFeedFill = CalcCUFeedFlll + SA array[1].llne.. -

* fill_factor_fn(SA:array{i].deJ1ll1ty,l) (global.pas)

if (SA array{i].n2016 + SA a=ay{1].n672 + SA array{i].n96 + SA array{i].n24) >
then tot_DLC_l1ne.. = tot_DLC_lineS + SA_arraY{i].lines -

next

TotaI_invescaent

average_invwstment

tot feedCost + tot di.. tcost + tot dropcost + tot fdicollt
+ tot_ttcost + tot:~tcost + tot_nidcollt + tot_dtcost

total_iDvesc.ent I total_lines

a"'ILdroplengtb = tot_drop~eet / total_linell

aVV_distlengtb - tot_dillt~..t / total..-llnell

aVV_~_dlengtb = tot_~eedfeet / total_line..

CalcCUDi..tFill = CalcCUDi.. tFill / total_linell

ca1cCUFeedJ'ill - calcCuFeedl'ill / total_linell

call Printout

START OF MAIN PROGRAM

check for command line parameters - set the following variables

....
cloaeWindow
V.rbOseOUt
!1.ePr.iJllDillt

J't.!lICdtOft1:illailfi,y"'··O
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trib.pas

'trib .pas

, only procedure used outside of this module is optimize SAl_arrangement

;lCEDOlII: aort2veca

passed variables:
n
+ra
+rb

distrib.pas

uc
bc
ac
us
bs
as
mh
frontage
line feet
pct_ugd
pct_bur
pct_aer

mgcounter ~ mqcounter +

for , = 1 to 50
li ne vector[ i J
tie_in_vectof[il

next

~his procedure sorts the arrays ra and rb lnto ascending order based on the value of ra

,ocedure calculate_mioroqrid_coat

passed variables:
GR
sA
rnicrogrid lines
NS lots 
E,(lots
gauge
·line vector
*tie in vector
*vdim -
"'microgrid cost
*mg_line_feet
'drop_feet
"drop cost
*drop-terminal cost
+MG nid cost 
'ugd cable
*bur-cable
*aer-cable
*ugd-structure
*bur-structure
.. aer- structure
+ManholeCost

lines
factor
drop length
lines per lot
total-lots
density
cable_cost
structure cost
mg line feet
Fill Factor
uc
bc
ac
uS
bs
as
mh
ugd cable
bur-cable
aer-cable
ugd structure
bur=structure
aer structure
ManholeCost

zero
zero

'"" sero
sera
sero
zero
zero
zero
zero

= zero
zero
zero
zero
zero
zerO
zero
zero
zero
zero
zero
zerO
zero
zero
zero

z.ro
z.ro

local variables:
4' ., m '(i 28 • II 28J ....hIl'8fl!"1l'U••'i 1(6l!i~M:ill.MljJ,'_f~6l!i.~I:El~e6l!'t_J·

ellEl" ~ • •

j
lines
factor
drop length
lines per lot
total-lots
density
cable_cost
structure cost
FillFactor

23

defi$it\r.,~':d8iidfy

f correct for fill factor

FillFactor = fill_factor_fn(density,O)

if FillFactor < 1.Oe-6 then stop the program. Error

microgrid_lines = microgrid_lines I FillFactor

(global.pas)

'ERROR: Fill factor too small'
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rib.pas distrib.pas

total lots - NS lots • EW lots
if total lots <-one then-stop the program. Error - 'ERROR: Total lots < l'

lines_per_lot = microgrid_lines / total_lots

{Starting at lower left of microgrid, we walk north up every other lot line,
accumulating lines and cable. If we accumulate enough lines for a
new cable, we add it, repeating the exercise until we reach either
the midpoint of the northern boundary.}

*ugd structure
*bur:structure
*aer structure
*manhole cost
·pct ugd
*pct=bur
*pct_aer

cable cost - call di.t cable cost
- pass variables:-

~ us
- bs
- as
- mh

pct_ugd
- pct_bur

pct_aer

(cable.pas)

'Ifallhe lOp AND the for right ofIhe g,id (comer). sel factor 10 J /01
if i = EW_lots and j - NS_lots then factor - one

loop while i <- EW_lots
factor = one
lines = zero
j ~ 1

loop while j <- NS lots
{ Take in lots on both sides, top and bottom, unless this is a microgrid
{ border, in which case take in lots only on one side. If it is the
r corner, take in only one lot.

'Ilfallhe lop ofgrid OR Ihe fOr rlghl ofgrid. sel facIO' 10 2 /ols
if i - EW lots or j = NS lots then

factor ~ 2
else

factor
end if

(frontage of 2 lots)

(frontage of 1 lot)

lines
density
gauge
uc
bc
ac
pct ugd
pct:::bur
pct aer

lines
denisty
gauge
·ugd_copper
*bur_copper
*aer copper
pct_ugd
pct bur
pct_aer

frontage = (1 / NS_lotsl • GR.MicroGridNS • DiatRoadFactor

microgrid cost = microgrid cost + frontage
- ~ (cable cost + structure costl

ugd cable = ugd cable + uc * frontage -
bur-cable = bur-cable + be * frontage
aer-cable = aer-cable + ac * frontage
ugd-structure =-ugd_structure + us * frontage
bur structure = bur structure + bs * frontage
aer-structure = aer-structure + as • frontage
ManholeCost = ManholeCost ~ mh • frontage

microgrid cost ~ microgrid cost + frontage
- • (cable_cost + structure_cost)

ugd_cable - ugd_cable + uc • frontage
bur cable = bur cable + bc • frontage
aer=cable = aer=eable + ac * frontage
ugd_structure = ugd_structure + us * frontage
bur_structure = bur_structure + bs * frontage
aer_structure ~ aer_structure + as * frontage

line feet = line feet + frontage * lines
drop-terminal cost ~ drop terminal cost + call drop terminal coat fn

- - - - (terminal.pas)-
pass variables:
lines ~ factor • lines-per_lot
density - density
pct ugd - pct ugd
pct:::bur - pct:::bur
pet_aer = pct_aer

frontage - (2 / NS lots) • GR.MicroGridNS • DistRoadFactor

else if j - (NS_lots - 1) then

if j <- (NS_lots - 2) then

(structur .pas)- call structure cost ~n

pass variables: -
copper lines = lines
fiber lines ~ 0
density = density
hardness = GR. hardness
depth to bedrock - GR.DepthToBedrock
soil texture ~ GR.SoilTexture
Minslope - GR.MinSlope
Maxslope - GR.MaxSlope
WaterTb - GR.WaterTb
feeder indicator = 0
cooper-indicator = 1
fiber_Indicator = 0

lines = lines + factor ~ lines_per_lot

structure_cost

microgrid cost = zero
drop terminal cost = %8%0
MG nId cost =-zero
drop cost = zero
1 ines = sera
line feet = zero
drop-feet = zero
i ~ 1"
vdim ~ 0
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trib.pas distrib.pas

ManholeCost ~ ManholeCost + mh ' frontage

else if (j - NS lots) then {at the border. only drop terminals; no cabling}

mg line feet = mg line feet + line feet
line feet == zero - - -
vdim-= vdim + 1
line vector[vdim] = lines
tie In_vector[vdirn] = (l I EW lots) + GR,MicrogridEW

line_feet = line_feet + frontage ~ lines
drop terminal cost - drop terminal cost + call drop t.rminal cost fn

- - - - (terminal.pas)-
pass variables:
lines = factor * lines_per_lot
density - density
pct ugd - pet ugd
pet=bur = pet=bur
pet_aer = pet_aer

drop_terminal_cost = drop_terrninal_cost

Ilmove up 2 lot lines
j = j + 2

end of j loop (loop while j <= NS_Iots)

+ call drop t.rminal cost fn
(terminal.pas) -

pass variables:
lines = factor * lines per lot
density - density --
pet ugd - pet ugd
pet=bur = pet=bur
pct_aer = pct_aer

procedure calculat._qrid_distribution_cost

passed variables:
GR
SA
number of SAls
SAlX - -
SAlY
'SAl lines
*grid distribution cost
*grid-line feet
*link-line-feet
'grid-drop-feet
*densIty
'grid drop cost
*grid-termInal cost
*grid-nid cost
*dist-lines served
*link-cost 
*term-cost
'ne96-
"'nc24
·MaximumDistance
'ugd_eable
*bur cable
-aer=cable
*ugd_structure
-bur_structure
"aer_structure
"ManholeCost

//move over two lot lines
i = i + 2

end of i loop (loop while i <= EW_lots) local variables:

{ NOw we need to calculate drops to customer locations }

{ finally, calculate cost of nids for this microgrid }

MG_nid_cost - Did_c06t ' total lots

if drop_lengtn > aax_droF_1eugtb then drop_length = -.z_droF_laDgtb

n
k
rnicrogrid cost
backbone lines
main_back_lines
lines
flag
midx
midy
rnindist
divider col
divider=row
lots
microgrid lines
EW_Iots -
NS lots
microgrid line feet
mierogrid=drop=feet

....r lambdoo ' O. 5
, s q7t( sqr((l I NS lots) • GR.MieroGridNS ' Di6tRoadFactor )

+ sqr({l lEW-lots) • GR.MieroGridEW ' Di6tRoadFactor)}
+ (1 - ....r ~)' 0.5 ' (I I NS lots) , GR.MieroGridNS
• Di.tRoadFactor -

drop_cost - total_lots ' drop_length' coat-PAr_drq,p_kf
drop_feet - total_lots' drop_lengtn

drop_length -
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;trib.pas
distrib.pas

if rnicrogrid below is populated

call lot_divide(lots, NS_Iots, EW_Iots

microgrid_lines = lines[i,j]

(distrib.pas)

(lotdi v .pas)

grid_distributioo_cost + microgrid_cost * penalty

NS lots
EW:)ots
gauge
line vectorl
tieJ~-n_vectorl

vdiml
microgrid cost
microgrid-line feet
microgrid-drop-feet
miCrogrid-drop-cost
miCrogrid-terminal cost
miCrogrid=nid_cost-

- uc
bc
ac
us

= bs
as
mh

grid_distribution_cost

NS_Iots
EW_lots
gauge
·line vector
*tie_"in_vector
"vdim
*microgrid cost
+mg line feet
-drop feet
*drop-cost
*drop=terminal_cost
*MG nid cost
*ugd cable
*bur-cable
*aer-cable
*ugd-structure
*bur=structure
*aer structure
*ManholeCost

call calculate microqrid cost
pass variables7 -

lots _ round(GR.households[i,jj * tak.r.~.)

+ round(GR.buslines[i,jj / ~in••-p-r_bu.)

grid_drop_cost - grid_drop_cost + microgrid_drop_cost

if (i > Ol and tflag[i,j] = n) and (lines[i,j] > 0)
and (i > rows_completed) then

vdiml = a
vdim2 = a

local variables
k
pct_ugd
pct_bur
pct_aer

'W. need 10 "'" if penalty is being applied twice

area
cable cost
structure cost
microgrid-drop cost
microgrid-nid cost
microgrid-terminal cost
total lines -
rows completed
rc
tl_lines
Fill Factor
line vector
line-vector!
1 i ne- vector2
tie in vector
tie-in-vectorl
tie-in-vector2
vdirnl -
vdirn2
MaxDist
n96
n24
gauge
penalty
uc
bc
ac
us
bs
as
mh
prim_distribution_cost
prim ugd cable
prirn=bur='cable
prim aer cable
prim-ugd-structure
prim-bur-structure
prim-aer-structure
prim-ManholeCost
prim-line feet
prim- drop- feet
prim-drop-cost
prim-nid cost
prim=lines_served
prim term cost
prim=MaxiroumDistance
test
pct ugd
pct"::bur
pet_aer

This is a procedure within the procedure

procedure accumulate_backbone

grid_terminal_cost = grid_terminal_cost + rnicrogrid_terminal_cost

grid_oid_cost : grid_oid_cast + rnicrogrid_nid_cost
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trib.pas distrib.pas

grid_line_feet ~ grid_line_feet + microgrid_line_feet *ManholeCost ~ mh

grid_drOp_feet - grid_drop_feet + microgrid_drop_feet grid_distribution_cost = grid_distribution_cost + microgrid_cost - penalty

end if

if microgrid above is populated

call lot_dividellots, NS lots, EW lots)

Idistrib.pas)

Istructur.pas)

grid_drop_feet + microgrid_drop_feet

grid_line_feet + microgrid_line_feet

tor k ~ 1 to vdiml
line vectorlkl = line vectorllk]
tie in vector[k] = tie in vectorl[kJ
dist lines served = dist lines_served + line_vectorllk]

next

grid_Hne_feet

grid_drop_feet

for k - 1 to vdim2
line vector [vdiml+k] = line vector2lk)
tie in vector[vdiml+k] = tie in veetor2lk]
dist_lines_served = dist_lines_served + line_veetor2lkJ

next

ugd cable = ugd cable + uc - penalty
bur-cable - bur-cable + bc - penalty
aer-cable = aer-cable + ac .. penalty
ugd-structure =-ugd structure + uS - penalty
bur-structure"" bur-structure + bs ~ penalty
aer-structure = aer-structure + as * penalty
ManholeCost = ManholeCost + mh - penalty
uc = zero
be = zero
ac = zero
us = zero
bs "" zero
as = zero
mh = zero

grid_drop_cost = grid_drop_cost + microgrid_drop_cost

grid_nid_cost • grid_nid_cost + microgrid_nid_cost

grid_terminal_cost = grid_terminal_cost + microgrid_terminal_cost

call eort2veos(vdiml+vdim2 ,tie_in_vector, line_vector)

if (vdiml+vdim2) > 1 then

end if

structure cost - call struoture coet fn
- pass variables7 -

If vdim2 > 0 then

It Vdlml / 0 then

end if

(Bring forward lines from previous microgrids

l1otdlv.pasl

Idistob.pasl

microgrid lines
NS lots 
EW=lots
gauge
line vector2

- tie In vector2
~ vdim2 -
= microgrid cost
$ microgrid-line feet

mierogrid-drop-feet
mierogrid-drop-cost

~ microgrid-termlnal cost
miCrogrid=nid_eost-
uc
bc
ae

- us
- bs

as

NS lots
EW=lots
gauge
*line vector
*tie In vector
"'vdim 
*microgrid cost
*mg line feet
-drop feet
-drop~eost
*drop-terminal cost
*MG nId cost 
-ugd cable
-bur-cable
*aer-cable
*U9d-structure
·bur-structure
*aer=structure

ugd cable - ugd cable + uc - penalty
bur-cable = bur-cable + bC - penalty
aer-cable = aer-cable + ac * penalty
ugd-structure =-ugd structure + uS - penalty
bur-structure = bur-structure + bs * penalty
aer-structure ~ aer-structure + as .. penalty
ManholeCost - ManholeCost + mh - penalty
uc = zero
bc = zero
ac "" zero
us = zero
bs = zero
as = zero
mh = zero

call calculate microgrid cost
pass variables7 -

lots - roundIGR.households[i+l,j] - takerate)
+ round\GR.buslinesli+l,jj I ~iAe.~r_ba.)

ffilcrogrid,lines ~ lines[i+l,j}

if (Ii + 1) <- GR.nrow) and Iflag[i+l.j] = n)
and (lines[i+l,j] > 0) and ((i+l) > rows_completed I then
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rib.pas distrib.pas

else

No lines here, so cross microgrid }

ManholeCost ~ ManholeCost + mh • abs(tie_in_~ector[ll) • DiatRoadFactor
• penalty

grid line feet ~ grid line feet + backbone lines
- - • abs(tie_in_vector[l)) * DiatRoaaractor

aer_cable + ac • abs(GR.MicroGridEW) • DiatRoaaractor • penalty

bur_cable + bc • abs(GR.MicroGridEW) * DiatRoadFactor • penalty

ugd_cable + uC • abs(GR.MicroGridEW) * DiatRoadFactor • penalty

bur cable

ugd_cable

aer cable

ugd structure = ugd structure + us * abs(GR.MicroGridEW) * Di.tRoadFactor
• penalty

grid distribution cost - grid distribution cost + abs(GR.MicroGridEW)
- - * Di.tio.dFactor * (cable cost + structure cost)

• penalty - -

h1.1r structure =' bur_structure + bs * abs(GR.MicroGridEW) * DistRoadFactor
penalty

uc "" zero
be = z.~o

ac = zero
us = zero
bs = zero
as = ze:ro
mh = zero

(cable.pas)

backbone 1ines
o -
density
GR.hardness
GR. DepthToBedrock
GR. SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o
'us
'bs
'as
'mh
'pct_ugd
*pct_bur
*pct_aer

call diat cable coat
pass vari~bles:
backbone lines
density -
gauge
'uc
'bc
'ac
pct ugd
pct ..bur
pet aer

cable_cost

aer structure ~ aer structure + as • abs(GR.MicroGridEW) • DistRoadFactor
* penalty

NanholeCost = NanholeCost + mh • abs(GR.MicroGridEW) • DiatRoaaractor
• penalty

If (vdiml + vdim2) > 0 then
grid distribution cost = grid distribution cost

- - + abs(tie in vectortljl • DiatRoadFactor
* (Cable_cost-+ structure_cost) * penalty

ugd cable ~ ugd cable + uc • abs(tie in vector[l]) • DiatRoadFactor
- • penalty - -

bur cable = bur cable + be • abs(tie in vector[l]) • DiatRoadFactor
- • penalty - -

aer cable ~ aer cable + ac • abs(tie in vector[l) • DiatRoadFactor
- * penalty - -

uc
be
ac
us
bs
as
mh

zero
zero
zero
zero
zero
zero
zero

ugd structure = ugd structure + US * abs(tie in vector[l]) ~ Di8~adFactor

- • penalty -

bur structure = bur structure + bs • absttie in vectortl)) ~ DistRoadFactor
* penalty - -

aer structure - aer structure + as • absttie in vector[l}) • DistRoadFactor
- • penalty - -

gr,d line feet = grid line feet + backbone lines' abs(GR.MicroGridEW)
- - • DiatRoadF&etor -

end if

( Capture lines from these microgrids

if (vdiml + vdim2) > 0 then
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istrib.pas
distrib.pas

backbone_lines - backbone_lines + 1ine_vector[1]

if (vdiml + vdim2) >- 2 then

for k = 2 to vdim1
structure_cost

+ vdirn2
- call structure cost ~n

pass variab1es~
backbone lines
o -
density
GR. hardness
GR. DepthToBedrock
GR. SoilTexture
GR.MinS1ope
GR.MaxS1ope
GR.Wat.erTb
o
1
o
'us
'bs
'as
'mh
"pet ugd
*pct=bur
*pct_aer

(structur.pas)

ugd_structure ~ ugd_structure + us
, abs(tie in vector[k] - tie in vector(k-l])
, DistRoadractor ' penalty

bur structure - bur structure + bs
- , abs(tie in vector[k] - tie in vector[k-1]l

, DistRoadractor ' penalty

aer structure = aer structure + as
- , abS(tie in vector[k] - tie in vector [k-1])

, DistRoadractor ' penalty

ManholeCost = Manho1eCost + mh
, abs(tie in vector[k] - tie in vector[k-1])
, DistRoaaractor ' penalty

uc = zero
be = zero
aC = zero
uS = zero
bs = zero
as = zero
rnh =- zero

grid_line_feet = grid_line_feet + backbone_lines
, abs(tie in vector[kl - tie in vector[k-1])
* Di.t:aoadFactor - -

aer cable - aer cable + ac
- • abs(tie in vector[k] - tie ~n vector[k-1J)

• DiatRoaaractor • penalty - -

bur cable = bur cable + bc
- , abs(tie in vector[k] - tie in vector[k-1])

• DiatRosdractor • penalty

ugd cable = ugd cable + uc
- • abS(tie in vector[k] - tie in vector[k-1J)

• DistRoadractor ' penalty

grid_distribution_cost

(structur.pas)

backbone_lines + 1ine_vector[kJ

'us
'bs
'as
'mh
·pct_ugd
*pet_bur
*pct_aer

call structure cost ~n

pass variables~ 
backbone lines
o -
density
GR. hardness
GR. DepthToBedrock
GR. SoilTexture
GR. MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o

If(vdirnl ~ vdim2} >= 2)

backbone lines

next k

Bring forward lines to next microgrids

structure_cost

en,,; c f

(cable.pas)

= grid distribution cost +
abs(tie in vector[kJ - tie in vector[k-1J)
• DistRoadFactor - -
* (cable_cost ~ structure_cost) * penalty

call dist cable cost
pass variables:
backbone lines
density -
gauge
'uc
'bc
'ac
pct ugd
pct:::bur
pct aer

cable cost
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trib.pas

cable cost call diat cable coat
pass variables:
backbone lines
density -
gauge
'uc
'be
'ac
pct ugd
pet-bur
pct-aer

(cable.pas)

distrib.pas

grid line feet = grid line feet + backbone lines
- - • abslGR.MicroGridEW - tie in veetor'[vdirnl+vdirn2)l

• DiatRoadFactor - -

vdiml = 0
vdirn2 = 0

end if (if (vdiml+vdirn2) > 0)

end procedure calculate_grid_distribution_cost

(main procedure

bur cable ~ bur cable + bc
- * abs(GR.MicroGridEW - tie in vector[vdiml+vdim2])

* DiatRoadFactor • penalty

ManholeCost = ManholeCost + mh
• abS(GR.MicroGridEW - tie in vector[vdiml+vdim2])
• DiatRoadFactor • penalty-

aer cable = aer cable + ac
- • abS(GR.MicroGridEW - tie in vector~[vdiml+vdim2])

* DistRoadFactor * penalty

aer structure = aer structure + as
- • abs(GR.MicroGridEW - tie in veetor [vdiml+vdim2 ) I

• DistRoadFactor • penalty-
o
o

= 0
- 0
= 0
= 0

... zero
= dro

zero
== zero
== zero

zero
zero
zero

== zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero
zero

- ••ro
zero
zero

uc
be
ac
us
bs

mgcounter
microgrid cost
backbone lines
main back lines
midx-
midy
rnindist
lots
microgrid lines
EW lots 
NS-lots
microgrid line feet
microgrid=drop=feet
area
cable_cost
structure cost
microgrid-drop cost
microgrid-nid cost
micragrid-terminal cost
total lines -
grid distribution cost
grid-line feet 
link-line- feet
grid-drop-feet
density -
grid drop cost
grid-termInal cost
grid-nid cost
dist=lines_served

divider col
divider-row
rows_completed
re
ne96
nc24

)

grid distribution cost
+ abslGR.MicroGridEW - tie in vector[vdiml+vdim2])
+ Di.tRoadFactor * (cable cost + structure cost)
• penalty -

bur structure + bs
• abs(GR.MicrOGridEW - tie in vectorfvdiml+vdim2])
• DistRoadFactor * penalty-

ugd structure + us
abs(GR.MicroGridEW - tie in vector[vdirnl+vdirn2J)

• DiatRoadFactor • penalty

bur structure

ugd_structure

ue = zero
be == zero
ac == zero
us == zero
bs == zero
as ",. ••ro
mh - ••ro

ugd cable = ugd eable + uc
- • abs(GR.MicroGridEW - tie in vector[vdiml+vdim2])

• DiatRoadFactor • penalty-

grid_distribution cost
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.trib.pas
distrib.pas

for i ~ 1 to 50
line vector[i] = zero
line-vectorl[i] = zero
line-vector2(il = zero
tie In vectorli1 = zero
tie-in-vectorl[i] = zero
tie=in=vector2[i} = zero

next

a9
mh
ugd cable
bur-cable
aer-cable
ugd-structure
bur=structure
aer structure
Manholecost
link_line_feet

= zero
= zero

zero
zero
zero

"'" %8%'0

- zero
zero
zero
.ero

for j = 1 to GR.ncol
Ilflag is used to indicate which SAl
flag[i,j] = 1
midx = GR.LowerLeftX + (j - 0.5) • GR.MicroGridEW
midy = GR.LowerLeftY + (i - 0.5) • GR.MicroGridNS
mindi9t = ab9{midx - SAlX[l]) + abs(midy - SAlY[l)

for n - 2 to number of SAls
if (abs(midx - SAlX[n]) + ab9(midy - SAlY[n]» < mindi9t then

mindist - abs(midx - SAlX[n]) + abs(midy - SAlY[n])
flag[i,j] - n

end if
next n

next
next i

for n - 1 to nUmber_Of_SAl9

SAl lines[n] = zero
MaxDist[n] = zero

for i-I to 50
for j = 1 to 50

lines[i,j) = z.ro
flag[i,j] = 0

next
next

area = zero
total lloes ~ zerO
,;pnsity = zero

Ilcumulate lines and area for the grid
for i = 1 to GR.nrow

for) = 1 to GR.ncol
1inesCi,j] = GR.bouseholdsCi,j] * takerate * lines-per_bou.e

+ GR.~l~.Ci,j]

Illooks like this is an attempt to remove DSl lines
_ (11 / 12) * (1 - spc1Acce.aRatio)* pet dsl * GR.~~iDe.Ci,j]
_ (11 I 12) * pet_~.a * spc1AcceaaRatio • GRA.bus~ineaCi,j]

for i = 1 to GR.nrow
for j - 1 to GR.ncol

if (flag[i,j] - n ) and (lines[i,j] > 0) then
SAl lines[n) = SAl lines[n] + lines[i,jj
!/whY don't these calculations use the same format as above?
midx = GR.LowerLeftX + j • GR.MicroGridEW - balf • GR.MicroGridEW
midy = GR.LowerLeftY + i • GR.MicroGridNS - balf • GR.MicroGridNS
//should use global maxI) function
if (abs(midx - SAlx[nJ) + abs(midy - SAlY[n] I)

Di.tROadFactor> MaxDist'[n] then
MaxDist[n] = (abs(midx - SAlX[n]) + abs(midy - SAIY[n]))

• DiatROadFactor

end if

end if
next j

next i
next n

.W _GR.buslines wu modified in the optimize_SAl_arrangement procedure .W _ Not necetlsary to loop throught entire grid structure twice 10 find min, max distances

if ~iDesCi,j] > 0 then
area = area + GR.HicroGridElf • GR.HicroGridNS I (5.28 • 5.28)

(First, we need to determine which microgrids are attached to which SAl)
for i = 1 to GR~nrow

zero

then
total_lines / area

for n - 1 to nUmber_Of_SAls

next n

grid drop cost = zero
grid=termInal_cost ~ zero
grid_oid_cost ~ zero

MaximumDistance = MaxDist[l)

Now flag points to the nearest SAl for each microgrid cell.
We are now ready to calculate backbones.

if MaxDist[n] > MaximumDistance then MaximumDistance - MaxDi9t\nJ
total_lines + lines[i,j]

if area > 0
density

else
density

end if

total lines
next j -

next i
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strib·Pas
distrib.pas

grid_distribution_cost - zero
grid_line_feet ~ zero
grid_drop_feet = zero
dist_1ines_served = zero

if GR.ncol > divider col then
for J = GR.ncol ctownto d,v,der col

accumulate_backbone -
next

end if

+ 1 (from eastern border to SAI column)
(distrib.pas)

looP while i <= divider_row

( Below, we calculate for the region south of the SAl )

for n = 1 to number of_SAls

f Now we handle any situations where customers are too far from an SAl J

(cable.pas)

(structur.pas)

call diat cable coat
pass variables:'
main back lines
density -
gauge
'uc
'bC
'ac
pct ugd
pct-bur
pct='aer

'us
'bs
'as
'mh
'pct ugd
"pet-bur
·pct=,aer

cable cost

ugd_cable - ugd_cable + uc • GR.MicroGridNS • DistRoadFa"tor
• penalty

grid line feet = grid line feet + main back lines
- - • GR.MIcroGridNS • DistioadFictor

grid distribution cost = grid distribution cost + GR.MicroGridNS
- -. DJ.atioadFa"tor -

• (cable_cost + structure_cost) • penalty

if i = divider row - 1 then (only one microgrid depth)
structure cost = call structure cost ~n

- pass variables7 
main back lineso - -
density
GR.hardness
GR. DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR. MaxSlope
GR.WaterTb
o
1
o

main_back_lines = main_back_lines + backbone_lines

.W _looks like cable distanre penalty is also applied to strudure roats, also why isn't penalty applied to cable over «itical

distance

GR.MicroGrictEW)
GR.MicroGrictNS)

western border to SAl column}
(distrib.pas)

round(abs(SAIX[n] - GR.LowerLeftX)
roundlabs(SAIY[nJ - GR.LowerLeftYl

o"e

> JIUIZ_copper_distance then
HaxCopperPenal ty

if divider col> 0 then
for j ~ 1 to divider col (from

call accumulate_backbone
next

end if

rc = 1 + 1
backbone_lines = zero
vdiml = 0
vdim2 = 0

divider col
divider=row

if MaxOist [nJ
penalty

else
penalty

end if

main back lines = main back lines + backbone lines
backbone lines = zerO - - -
vdiml = 0
vdim2 = 0

= 1
main back lines = zero
vdiml - 0-
vdim2 - 0
roWS completed = 0
rc =-0

We now need to divide the SA into quadrants with the SAl
serving as the "origin."

( First, calculate the gauge needed. )
if MaxOist[n] > copper gaugw xaver then

gauge = g24 - -
else

gauge = g26
end if
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istrib.pas distrib.pas

ugd structure = ugd structure + us • GR.MicroGridNS
- - DiataoadFactor • penalty

grid_line_feet = grid_line_feet + 2 • main_back_lines
• GR.MicroGridNS • DiatRoadFactor

ugd cable = ugd cable + uc • 2 • GR.MicroGridNS • DiatRoadFactor
- - penalty

bur_cable

aer_cable

= bur cable + bc - GR.MicroGridNS - DiatRoadFactor
- pen;;lty

aer cable + ac - GR.MicroGridNS • DiatRoadFactor
• penalty

bur cable bur cable + bc • 2 • GR.MicroGridNS DiatRoadFactor
• pen;;1ty

bur structure = bur structure + bs * GR.MicroGridNS
• DistAoadFactor • penalty

aer structure = aer structure + as * GR.MicroGridNS
- * DistRoadFactor • penalty

ManholeCost = ManholeCost + mh * GR.MicroGridNS * DiatRoadFactor
- penalty

else if i <> divider row then
aer structure + as * 2 * GR.MicroGridNS

* Di.iRo.dFactor * penalty

{ run backbone down every other row }

aer structure

i i +

end if

ugd structure = ugd structure + us • 2 • GR.MicroGridNS
- • DiaiRoadFactor • penalty

ManholeCost - ManholeCost + mh • 2 • GR.MieroGridNS
* D.istRoadFactor * penalty

aer cable - aer cable + ac • 2 • GR.MicroGridNS DiatRoadFactor
- • pen;;lty

bur structure = bur structure + bs * 2 * GR.MicroGridNS
• DiaiRoadFactor • penalty

rows_completed = rc

end loop (loop while i <= divider_row)

{structur .pas}

{two microgrid depth} \

call structure cost fn )
pass variables7 -
main back lineso - -
density
GR. hardness
GR. DepthToBedrock
GR.SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb

st ructure_cost

grid distribution cost - grid distribution cost
- - + GR.MieroGridNS • Di8tRoadractor • 2

* {cable_cost + structure_cost} * penalty

-us
-bs
-as
-mh
'pct ugd
*pct-bur
*pct-aer

main back lines - main back lines + backbone lines
backbone_lines = %ero - - -
vdiml = 0
vdim2 = 0

loop while Ii >= rows_completed)
backbone lines = zero
vdiml = 0'
vdim2 = 0

trom western border to SAl column J
(di s trib. pa s)

zero

".:a1 late for the region north ot the SAl

if divider col > 0 then
for j ; 1 to divider col {

call accumulate_backbone
next

end if

Now we need

i "" GR.nrow - 1
main back lines
vdiml ~ 0
vdim2 - 0

(cable.pas)call diat cable oost
pass variables:
main back lines
density -
gauge
'uc
-be
'ac
pct ugd
pc<)ur
pct_aer

cable_cost
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:rib.pas
distrib.pas

if GR.ncol > divider col then
for j = GR.ncol ctownto divider col + 1 {from eastern border to SAL column}

call accumulat.~ckbon.

next
end if

(distrib.pas)

aer cable - aer cable + ac • GR.MicroGridNS * DiatRoadFactor
- * penalty

ugd structure = ugd structure + us * GR.MicroGridNS * Di.tRoadFactor
- * penalty

bur structure = bur structure + bs * GR.MicroGridNS ... DistRoadFactor
- * penalty

main_back_lines = main_back_lines + backbone lines

grid line feet c grid line feet + main back lines
- - * GR.MicroGridNS * Di.tioadFictor

ugd cable = ugd_cable + ue * GR.MicroGridNS * Di.tRoadFactor
* penalty

grid distribution cost = grid distribution cost + GR.Mic~oGridNS
- - * Di.tioadJ'actor -

* (cable_cost + structure_cost) * penalty

(cable.pas)

(structur .pas)

(two microgrid depth)

'as
'mh
"'pet ugd
*pct=bur
·pct_aer

- call atruoture coat fn
pass variables: -
main back lines
o -
density
GR.hardness
GR. DepthToBedrock
GR. SoilTexture
GR.MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o
*us
*bs

call diat cable coat
pass variables:
main back lines
density -
gauge
*uc
*bc
*ac
pct ugd
pc<:bur
pct_aer

cable_cost

grid distribution cost = grid distribution cost + GR.MicroGridNS
- - * 2 • Di.tJloadFactor

* (cable_cost + structure_cost) w penalty

ManholeCost = ManholeCost + mh * GRMicroGridNS • Di.tRoadFactor
* penalty

aer structure = aer structure + as * GR.MicroGridNS * Di.tRoadF.c~or
- * penalty

structure_cost

else if i <> divider_row then

(cable.pas)

one microgrid depth }
(structur .pas)

call diat cable cost
pass vari~bles:
main back lines
density
gauge
*uc
*bc
*ac
pct_ugd
pct_bur
pct_aer

cable cost

if {i = divider row + 1) then [only
structure cost = call structure cost fn

- pass variables~ 
main back lines
0--

density
GR. hardness
GR. DepthToBedrock
GR. SoilTexture
GR. MinSlope
GR.MaxSlope
GR.WaterTb
o
1
o
*us
*bs
*as
*mh
*pct_ugd
"pet_bur
*pct_aer

bur cable _ bur_cable + be * GR.MicroGridNS * Di.tRoadFactor
+ penalty

grid line feet - grid line feet + 2 * main back lines * GR.MicroGridNS
- - * D.t.tioadFactor --
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istrib.pas distrib.pas

ugd cable - ugd cable + uc • 2 • GR.MicroGridNS • DiatRoadFactor
- • penalty

bur cable = bur cable + bc • 2 • GR.MicroGridNS • DiatRoadFactor
• penalty

aer cable = aer cable + ac * 2 * GR.MicroGridNS • Di.tRo.dF.c~or

- • penalty

ugd_structure = ugd_structure + us .. 2 .. GR.MicroGridNS * DietRoadFactor
• penalty

·prim nid cost
.prim-lines served
.prim-term cost
·prim-MaxirnumDistance
.prim-ugd cable
.prim-bur-cable
*prim-aer-cable
*prim-ugd-structure
·prim-bur-structure
·prim-aer-structure
*prim=ManholeCost

bur structure = bur structure + bs .. 2 * GR.MicroGridNS • DistRoadFactor
* penalty

aer structure = aer_structure + as * 2 * GR.MicroGridNS * DiatRoadFactor
• penalty

if lac ugd cop • prim ugd cable + ac bur cop • prim bur cable
ac-.er-cqp * prim-aer-cable + .c-~-.true .. prIm ugd structure
ac-bur-.truc * prIm bur structure + ac ••r .true * prIm aer structure
ac:::HaJiiio~e • prim_ManhOleCost) - - - -

end loop (loop while (i >~ rows completed)

ManholeCost = ManholeCost + mh • 2 • GR.MicroGridNS • DiatRoadFactor
• penalty

end if

~ = i - 2 run backbone down every other row }

<

iac ugd co,p • ugd cable + ac bur co,p • bur cable
+ ac-a.r-e~ * aer-cable + .c-u~-.truc * ugd structure
+ ae-bur-.truc * bur structure + ~c .er .truc-* aer structure
+ ac=HaJiiio~e * ManholeCost) - - -

if 17sePriaDiat or (density < ~ 1>~tOt~J.ty) then
prim_distribution_cost = zero
prim ugd cable ~ zero
prim-bur-cable = zero
prim-aer-cable = zero
prim-uqd-structure = zero
prim=bur=structure = zero
prim aer structure = zero
prim=ManholeCost = zero

call cuculata.J'rim_CSistribution_cost
pass variables:
GR
number_of_SAls
SAIX
SAIY
density
FillFactor
lines
flag
*prim distribution cost
*prim-line feet
*prim-drop-feet
*prim='drop='cost

end if

(Now we need to handle the connection between the primary and secondary SAIs.)
(We minimize structure cost in connecting the SAIs using the algorithm suggested)
(by Prim, Bell System Technical Journal, 1957. )

(primsai .pas)

then
grid distribution cost = prim distribution cost
ugd ~able - prim ~gd cable - -
bur-cable = prim-bur-cable
aer-cable = prim-aer-cable
ugd-structure = prim-ugd structure
bur-structure = prim-bur-structure
aer-structure = prim-aer-structure
ManholeCost ~ prim-ManholeCost
grld l,ne feet ~ prim line feet
grid-drop feet = prim-drop-feet
grid-drop-cost ~ prim-drop-cost
grid-nid cost = prim-nid cost
grid-~iD.a aerved = prIm lines served
grid-termi;al cost = prim term-cost
MaxirnurnDistance = prim Ma;imumDistance

end if -

call qat link cost
pass varIables:
number_of_SAIS
SA
SAl lines
saix

(primdist.pas)

lines19r1ct line feet I dlst l~nes served) • total~Tld llne feet

next n
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lstrib.pas

saiy
density
*link cost
*term cost
*link-line feet
+nc96-
*nc24
+uc
'bc
+ac
+us
+bs
+as
+mh

grid distribution cost = grid distribution cost + link cost + term cost
ugd cable = ugd cable + uC - - -
bur-cable = bur-cable + bc
aer-cable = aer-cable + ae
ugd-structure =-ugd structure + us
bur-structure = bur-structure + bs
aer-structure = aer-structure + as
ManholeCost = ManholeCost + mh

W - doesn'tlppear thlt distln~e for linking ~Ibles Ire ~arried forward

distrib.pas

nc96
nc24
MaxirnurnDistance
uc
bc
ac
us
bs
as
mh
SAl lines
link line_feet

SA.SwitchX = GR.SwitchX
SA.SwitchY = GR.SwitchY
SA.ResLines = GR.gHouseholds + takerate + Lines-P8r_house
SA.BusLines = GR.gBusinessLines
SA. lines = SA.ResLines + SA.BusLines
SA.DepthToBedrock = GR.DepthToBedrock
SA. Hardness = GR. Hardness
SA.SoilTexture = GR.soilTexture
SA.WaterTb = GR.WaterTb
SA.MinSlope = GR.MinSlope
SA.MaxSlope - GR.MaxSlope
SA. quadrant - GR. quadrant

( Calculate special acceSS and switched DSl lines )

{ Need two copper lines for each DS1, which carries 24 channels}
.W - not sure whit this a~~omplishes. units are Iines~2/~hlnnel

SA.SpclAccessDSl = SA.SpclAccessDSl • 2/24
SA.SwitchedDSl = SA.switchedDSl + 2/24

SA.SpclAccessLioes = ~lAcce.aR.tio * GR.gBusinessLines
SA.SpclAccessDSl = SA.SpclAccessLines + pet 16a
SA.SpclAccessLines = SA.SpclAccessLines - SA~SpclAccessDSl
SA.SwitchedDSl ~ (GR.gBusinessLines - SA,SpclAccessLines) * pc~ ~1
GR.gBusinessLines = GR.gBusinessLines - round{SA.SwitchedDSl + SA.SpclAccessDSl)
SA. Households = GR.gHouseholds

)rocedure optiBdze_SAI_arranqement

passed variables:
SwitchX
SwitchY
GR
• SA
+ grid_Lines_served

local variables:
i
j
nUmber_of_SAIS
X

Y
distribution gauge
grid distribution cost
grid-line feet 
grid-drop-feet
density -
drop cost
drop-terminal cost
nid cost -
rnincost
link cost
term=cost

49

SA. number of SAIs
SA.Grid Distribution Cost
SA.MaxDistance -
SA.n2016
SA. n672
SA.n96
SA.n24
SA.nc96
SA.nc24
SA.snc96
SA.snc24
SA. fiber terminal cost
SA.tl terminal cost
SA. secondary tterm cost
SA.interface=cost -

zero
zerO
o
o
o
o
o
o

= 0
o
zero
zero
zero

- zero
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5trib.pas
distrib.pas

SA. TypeOfSAl [1) - primary

if number_of_SAls > 1 then

for number of SAls ~ 1 to lIIia"Sillt. do
grid_iiDe._••rved = "ero-

for i = 2 to number of SAls
SA.TypeOfSAl[i]-= secondary

next

(distrib.pas)

GR.cx4 til
GR.cy4[iJ

xtiJ
y[i)

next

call calculate grid distribution cost
pass variables: - -
GR
SA
number_of_SAlS
X
Y
·SAl lines
.grid distribution cost
*grid-line feet 
*link-line-feet
*grid-drop-feet
*dens'ity -
·drop cost
*drop-terminal cost
*nid c06t -
*grid liDe••erved
+link:cost -
-term cost
*nc96-
*nc24
*MaximumDistance
*uc
*bc
*ac
*us
*bs
*as
*mh

grid_distribution_cost = .ero

for i = number of SAls + I to 4
x[iJ - GR.cx4[il
y[i) = GR.cy4 [i)

next

end case

"" zero
zero
zero
zero
zero
zero
zero
zero

"" zero
zero
zero
"ero
"ero
"ero
zero
zero
.zero

:ero
for i ~ 1 to 4

SA. SAl_lines [i J
next

mincost = 1.Oe+16

case number of SAls
case 1 - -

x[l) = GR.cxl[l)
y[lJ - GR.cyl[l]

SA. drop cost
SA.nid cost
SA. drop terminal cost
SA. grid-line feet
SA.grid-drop-feet
SA. density -
SA. DepthToBedrock
SA.WaterTb
SA.MinSlope
SA.MaxSlope
SA. DistToSwitch
SA.ugd_cable
SA.bur cable
SA.aer-cable
SA.ugd=structure
SA. bur_structure
SA.aer_structure

if (at: ugd cop .... uc -+- ac bu%' cop * be + ac: .e.r cop .... ac
+ acugcf.true .... us + _0 bUr .true .... bs -:; ac-.er .tzuc .... as
+ .C:maDbole * mh + .c_tl_tez. * term_cost) < mincost then

rnincost "" ac u~ cqp * ue t ac bar c~ .... be + at: ••r cqp .. ac
+ ac-u9d.-_true .. us + ';C .!Nr .true .. bs .. ac-.er .true .. as
+ ac:..Dho~.... mh + .c_tl_tea .. term_cost - -

case 2
tor i = 1 to 2

xli] - GR.cx2 [i]
y[i) = GR.cy2[ij

next

case 3
tor i = 1 to 3

K[il = GR.cx3[iJ
y[iJ ~ GR.cy3[iJ

next

case 4
tor i = 1 to 4

SA.number_of_SAlS
SA.X
SA.Y
SA. grid distribution cost
SA.secondary_tterrn_cost

= nUmber_ot_SAls
~ X

Y
= grid_distribution_cost

term_cost
- term_cost
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feeder.pas

feeder.pas

the only procedure used outside of this module is oPtimize_feeder_arrangement

function L2 distance
variab~s passed in:
xl
x2
yl
y2

abslxl - x2) + absly1 - y2)Ll_distance

function Ll distance
variables passed in:
xl
x2
yl
y2

- nc96
nc24
grid line feet
link-line-feet
grid-drop-feet
density 
drop_cost
drop terminal cost
nid C08t -

= MaxTmurnDistance
uc
bc
ac
us

- bs
as
mh
grid_lin.8_8 .rvea

SAl lines [i J

SA. snc96
SA.snc24
SA. grid line feet
SA.link-line-feet
SA.grid-drop-feet
SA.densIty -
SA. drop cost
SA. drop-terminal cost
SA.nid cost -
SA.MaxDistance
SA.ugd cable
SA.bur-cable
SA.aer-cable
SA.ugd=structure
SA. bur_structure
SA.aer structure
SA.Manholecost
SA. lines_served

for i - 1 to 4
SA.SAl_lines[il

next
end if

end if

ib'f'tP

ne~t number_of_SAlS local constants:
KFPerStatMi - 5.28
StatMiPerMin - 1.1515
MinPerDegree = 60

local variables:
cjegYl
degY2
degX1
degX2
cosa
alpha

degYl _ y1 / IKFPerStatMi • StatMiPerMin • MinPerDegree) + CR.OriginY
degY2 - y2 I IKFPerStatMi • StatMiPerMin • MinPerDegreeJ + CR.OriginY
degXl - xl / (KFPerStatMi • StatMiPerMin • MinPerDegree

• cos(CR.r.~.renc._14titude • pi / 180) J + CR.OriginX

degX2 = x2 / (KFPerStatMi • StatMiPerMin • MinPerDegree
• cos(CR.r.~.r~ce_~4titude • pi I 180») + CR.OriginX

Here is the formula to calculate the great circle arc, taken from)
Love, Morris, and Wesolowsky: }

cosa = cos(degY1 * pi / 180) • cos(degY2 • pi/180)

cosa = cosa • cos(ldegXl - degX2) • pi / 180)

casa cosa + sin(degY1 • pi / 180) 'sin(degY2 • pi I 180)
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